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ELECTRIC POWER TRANSMISSION CABLLE
COMPRISING CONTINUOUSLY

SYNTHESIZED TITANIUM ALUMINIDE
INTERMETALLIC COMPOSITE WIRE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to U.S. Provisional Appli-
cation No. 61/433,208 entitled “ELECTRIC POWER

TRANSMISSION CABLE COMPRISING CONTINU-
OUSLY SYNTHESIZED TITANIUM ALUMINIDE
INTERMETALLIC COMPOSITE WIRE,” filed Jan. 15,
2011, the entire contents of which are hereby incorporated
herein by reference.

BACKGROUND OF THE INVENTION

Titanium aluminide intermetallic matrix composite (TA-
IMC) materials offer exceptional properties compared to con-
ventional alloys and other composite materials. TA-IMC
materials have low density (3.4-3.7 g/cc), high elastic modu-
lus (170-210 GPa), high wear resistance, and operational
temperatures as high as 900° C. Compared to conventional
steel and aluminum alloys, TA-IMC materials offer greater
specific strength and specific elastic modulus. Compared to
conventional continuous fiber composites, such as ceramic
fiber reinforced aluminum and carbon or glass fiber rein-
torced polymeric materials, TA-IMC materials offer substan-
tially greater ductility and excellent transverse properties due
to their 1sotropic nature. TA-IMC materials also offer a sig-
nificantly higher operating temperature compared to these
other conventional maternals, and are not susceptible to the
environmental problems associated with polymeric compos-
ites, such as corrosion, degradation and delamination as a
result of exposure to moisture, heat and ultraviolet radiation.

An intermetallic 1s a metal alloy where the composition of
at least two constituent metals 1s considered to be middle
range, resulting in a solid phase crystalline material formed
by an ordered structure of the two metal atom types. The most
common titanium aluminide intermetallic solid phases are
T1Al, Ti1Al,, and T1,Al, with the preferred phase being TiAl
due to 1ts superior mechanical properties. Depending on the
composition, a predominately TiAl itermetallic may also
contain trace amounts of T1Al; and Ti;Al. The TiAl interme-
tallic phase 1s often 1identified by the Greek letter v (gamma).
The phases where titantum 1s approximately 20-80% of the
composition by weight are considered middle range, with
compositions o 59-65% titanium by weight being most pre-
terred. A titantum aluminide intermetallic composite material
consists of a titanium aluminide intermetallic matrix, rein-
forced by some other material, usually a ceramic or metal
oxide such as aluminum oxide (Al,O;, alumina). Reinforce-
ment materials can be 1n the form of particles, short fibers or
whiskers, or continuous fibers. Titanium aluminide interme-
tallic composite materials containing in situ formed alumina
particles can be produced by the combustion reaction of alu-
minum (Al) and titanium dioxide (110, titania) to yield T1Al
and alumina. The combustion synthesis reaction between
aluminum and titania 1s known to be imtiated at a temperature
greater than 850° C.

Despite their numerous advantages, known TA-IMC mate-
rials sutler drawbacks that have hampered their use 1n many
engineering applications. In fully dense form, the mechanical
and physical properties of the bulk TA-IMC matenial are
exceptional; however, due to crystal densification resulting
from the transformation of aluminum and titania into titanium

10

15

20

25

30

35

40

45

50

55

60

65

2

aluminide and alumina during the combustion synthesis reac-
tion, a substantial amount of void content, or porosity, 1s
created. The resulting void content has a significant adverse
cifect on the mechanical and physical properties of the TA-
IMC matenal, rendering 1t unusable 1n this state for practical
engineering applications. A known approach for eliminating
porosity in combustion synthesized TA-IMC materials 1s to
manufacture a ceramic preform containing titania particles
combined with particles of an alkali metal titanate, such as
lithium titanate of the chemical form L1,T10;. The rigid and
porous ceramic preform 1s then infiltrated with molten alu-
minum to form a pre-combustion material. During the subse-
quent combustion synthesis reaction which occurs spontane-
ously at a temperature well above the melting temperature of
aluminum, the lithium titanate 1s chemically reduced by the
molten aluminum to form lithtum aluminate of the chemical
form L1AlO,. This process results 1n a volumetric expansion
caused by the lower density of lithium aluminate compared to
that of lithium titanate, which in turn counteracts the densi-
fication of the titanium aluminide to an extent suificient to
climinate void formation during combustion synthesis. Alkali
metals such as lithium are known however to be highly cor-
rosive, and TA-IMC materials containing alkali metals cannot
withstand high electrical voltage, high strain and high tem-
perature conditions associated with electrical power trans-
mission cables. Furthermore, the process of producing TA-
IMC materials by means of a pre-combustion material
comprising a rigid and porous ceramic preform 1s entirely
unsuitable for the continuous manufacture of a wire.

While titanium aluminide mtermetallic alloys are known,
these materials are cost prohibitive with regards to producing
a wire for electric power transmission cables due to the high
cost of titammum metal and the metallurgical processes
required to produce the alloy. In contrast, combustion synthe-
s1zed TA-IMC materials are produced using a low energy, low
cost process and utilize low cost raw materials 1n the form of
aluminum metal and titama.

In view of the above, a need exists for fully-dense TA-IMC
materials produced using a low cost process and low cost raw
materials, but without the use of rigid ceramic preforms or
alkali metal titanates, and which exhibit excellent mechanical
and physical properties under high electric voltage, high
strain and high temperature conditions. In particular, a need
exists for a TA-IMC wire for electrical power transmission
cables that are free from long term corrosion and degradation
problems under loading conditions, and 1mpervious to
adverse environmental elements such as moisture and ultra-
violet radiation.

The present invention pertains to a wire of combustion
synthesized TA-IMC material. A preferred embodiment of
the present mvention pertains to the continuous combustion
synthesis of TA-IMC from a pre-combustion feedstock mate-
rial comprising elemental aluminum and titanium oxide (tita-
nia) followed by thermo-mechanical forming to eliminate the
porosity inherently found in combustion synthesized TA-
IMC matenal, and thereby forming a fully dense TA-IMC
wire. The feedstock material, comprising elemental alumi-
num and titania particles, 1s itself in the form of a wire which
may be produced by conventional means. The titania particles
ol the feedstock material may be of the chemical composition
T10, T10,, T1,0, or any combination thereof.

In the present invention the feedstock material 1s continu-
ously fed 1into an enclosed chamber or reactor which contains
a heating means to suiliciently heat a section of the continu-
ously fed feedstock as to imitiate the Ti—Al combustion syn-
thesis reaction. The speed of the feeding mechanism 1s main-
tamned such that the combustion front within the feedstock
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material remains enclosed within the confines of the reactor.
Because the Ti—Al synthesis reaction 1s exothermic, addi-
tional heat need only be applied as necessary to continuously
maintain the combustion reaction. The reactor chamber may
contain an atmosphere of air or inert gas, or a vacuum may be
applied around the feedstock wire at the point of combustion.
As the combustion synthesized TA-IMC wire exits the reac-
tor, additional heat may be applied as necessary to maintain a
desired temperature optimal for thermo-mechanical forming.

Upon exiting the reactor chamber, the hot TA-IMC wire 1s
drawn through one or more wire forming dies such that its
diameter 1s suificiently reduced as to eliminate void content,
impart axial elongation of the Ti—Al grain structure and
uniformly orient 1n situ formed alumina particles, thereby
achieving the desired mechanical properties along the con-
tinuous length of the wire. At temperatures above 1150° C.,
the gamma (7v) phase titanium aluminide will partially trans-
form 1nto the alpha () phase titanium aluminide, and possi-
bly some metastable beta ({3) phase titanium aluminide, both
of which increase the hot-workability of the matenal. Fur-
thermore, the relative abundance of a and {3 phases present at
the optimum thermo-mechanical processing temperature can
be increased by adding various alloying elements to the pre-
combustion feedstock such that in the post-combustion syn-
thesized intermetallic alloy these elements are less than 5%
by weight. These alloying elements include vanadium (V),
niobium (Nb), molybdenum (Mo), and Boron (B). Finally,
the present invention pertains to a plurality of said wires such
as to form the reinforcing core of an assembled electric power
transmission cable.

TA-IMC wires of the present invention are useiul 1n numer-
ous applications. Such wires are particularly desirable for use
in electric power transmission cables due to their combination
of low weight, high strength, high elastic modulus, good
clectrical conductivity, low coetlicient of thermal expansion,
high operating temperatures, resistance to corrosion and high
ductility. The technical benefit and overall utility of TA-IMC
wires of the present invention for use 1n electric power trans-
mission cables, 1s a result of the significant effect cable per-
formance has on the entire electricity generation, transmis-
sion and distribution system.

The design of an electric power transmission system con-
s1sts primarily of power transmission cables and supporting
structures. The load bearing capacity required of the support-
ing structure 1s determined by the density of the cables, the
number of cables, and length, or span, of the cables. Specifi-
cally, the span 1s the linear distance between two adjacent
structures connected by the cables. For a given electric power
transmission system design of specified voltage and amper-
age, power transmission cables comprising TA-IMC wires
have a lower density compared to conventional cables com-
prising a core of steel wires. Further, the lower thermal expan-
sion of cables comprising TA-IMC wires compared to con-
ventional cables comprising steel wires results 1n less cable
sag at a given operating temperature. In the design of the
supporting structures, lower density cables enable the use of
lower load capacity structures, and the lower degree of sag
enables the use of structures of lower height, both of which
reduce the cost of structures, thereby providing great eco-
nomic benefit to the overall electric power transmission sys-
tem.

Electrical power transmission cables of the present mven-
tion, having higher strength per unit weight, combined with
increased conductivity, lower thermal expansion and high
ductility provide the ability to install longer cable spans than
are possible with conventional steel or composite fiber cable,
and cable supporting towers of lower height and lower
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mechanical load capacity are also possible. Further, the high
ductility of TA-IMC wires according to the present invention
enables the use of standard 1nstallation tools and splices, and
avoids the catastrophic brittle failure of the reinforcing core
which 1s known to occur with continuous fiber type composite
material cables. Still further, the high electrical conductivity
and low electrical resistivity of the TA-IMC wire of the
present invention improves the electrical properties and per-
formance of the conductor cable and serves to reduce electri-
cal losses, thereby minimizing the need for additional electric
power generation to compensate for such losses.

When compared to other low-density electric power trans-
mission cables known to the art, primarily cables comprising
a core of continuous fiber composite type wires, cables of the
present invention comprising a TA-IMC wire core offer addi-
tional advantages. Primarily, continuous fiber composite type
wires exhibit no ductility along the longitudinal direction of
the wire and are therefore known to be susceptible to sudden,
catastrophic failure. Unlike continuous fiber type composite
matenals, TA-IMC materials are generally 1sotropic and
exhibit ductility and strength 1n all directions. The grain elon-
gation of the TA-IMC materials that occurs during the
thermo-mechanical wire drawing process ol the present
invention serves to maximize the strength of the matenal 1n
the longitudinal direction of the wire. Because of the 1sotropic
nature and high ductility of TA-IMC wires, electric power
transmission cables comprising a core of such wires may be
spliced and installed using the same standard tools as are used
with cables comprising a core of steel wires.

From the foregoing disclosure and the following more
detailed description of the preferred embodiment of the
present mnvention 1t will be apparent to those skilled in the art
that the present invention provides a significant advance in the
technology of intermetallic composite wire and electric
power fransmission cable. Particularly significant in this
regard 1s the potential the invention affords for providing light
weight electric power transmission cables capable of operat-
ing at higher temperatures compared to conventional electric
power transmission cables reinforced with steel wires due to
the low density, high strength, high elastic modulus and low
coellicient of thermal expansion of the TA-IMC wire. It will
be turther apparent to those skilled 1n the art that the present
invention provides a significant advantage due to the high
ductility, durability and the resistance to corrosion and envi-
ronmental degradation of the wire compared to other com-
posite materials. Additional features and advantages of vari-
ous preferred embodiments will be better understood 1n view
of the detailed description provided below.

BRIEF SUMMARY OF THE INVENTION

The present invention pertains to a method of manufactur-
ing combustion-synthesized composite material of m situ
formed aluminum oxide particles uniformly distributed
within a fully dense titanium aluminide intermetallic matrix
in the form of a wire. Wires manufactured according to the
present invention offer significant advantages over conven-
tional wires used 1n electric power transmission cables where
high strength, high elastic modulus, ductility, high operating
temperature, electrical conductivity and low thermal expan-
s10on, individually or 1n combinations thereot, are required.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an apparatus for continuously producing a
wire comprising combustion synthesized titanmium aluminide
intermetallic matrix composite (TA-IMC) material.
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FIGS. 2a, 2b, 2¢ and 2d are cross-sectional views of
embodiments of electric power transmission cables compris-
ing reinforcing cores ol one or more wires comprising TA-
IMC matenial.

FIG. 3 1s a cross-sectional view of an embodiment of an
clectric power transmission cable comprising a plurality of
TA-IMC wires.

FI1G. 4 shows the steps in preparation of feedstock material
from titania and aluminum, comprising the steps of mixing
titania with molten aluminum and continuously casting feed-
stock material.

FIG. 5 shows a cross section of the feedstock material
continuously cast 1n the form of a wire, illustrating the uni-
form distribution of titanmia particles therein.

DETAILED DESCRIPTION OF THE INVENTION

The particle reinforced titanium aluminide intermetallic
composite (TA-IMC) of the present invention comprises 1n
situ formed particles of alumina (Al,O;) encapsulated 1n a
matrix of predominantly y-phase titanium aluminide interme-
tallic, synthesized by means of a thermally-initiated seli-
sustaining exothermic reaction taking place at a temperature
above 850° C. between titania particles i the form of TiO,
T10,, or T1,0,, and aluminum, either in the form of unalloyed
clemental aluminum, or an aluminum alloy containing one or
more of the alloying elements vanadium (V), niobium (Nb),
molybdenum (Mo), and boron (B), 1n such amount that the
combined percent by weight of the aforementioned alloying
clements constitutes less than 5% by weight of the pre-com-
bustion mixture of titania and aluminum.

The TA-IMC wire of the present invention 1s produced by
introducing a feedstock matenial formulated as described
herein below 1nto a combustion synthesis reactor, heating the
feedstock to initiate a self-propagating exothermic chemical
reaction thereby synthesizing TA-IMC from {feedstock,
engaging a lirst mechanical transport means to transport the
teedstock into the combustion synthesis reactor at a rate such
that the reaction boundary within the feedstock 1s maintained
enclosed within the combustion synthesis reactor, applying
additional heat by a second heating means as necessary to
maintain the temperature of the synthesized TA-IMC to an
optimal hot working temperature of at least 1150 degrees C.
after 1t exits the combustion synthesis reactor, and engaging a
second mechanical transport means to pull the combustion
synthesized TA-IMC through a single or series of wire draw-
ing dies, thereby reducing cross sectional diameter while at
the same time compacting and elongating the grain structure
to form a tully dense TA-IMC 1in the shape of a continuous
wire.

The preferred embodiment of the present invention
requires a pre-combustion feedstock produced by combiming,
pure or alloyed aluminum with one or more forms of titania.
Due to 1ts low cost, the T10, form of titania 1s preferred, and
when combined with pure aluminum, the combustion synthe-
s1s of TA-IMC occurs according to the following reaction:

3TiO>{s }+7Al{l}—=3TiAl{s }4+2AL,05{s} Equation (1)

Where {1} indicates a liquid phase and {s} indicates a solid
phase.

The reaction shown 1n Equation (1) 1s known to occur at a
temperature of 850° C. According to the stoichiometry of the
reaction, the volume fraction (V) of T10, 1n the pre-combus-
tion material needed to fully react all of the aluminum 1s
44.7%, based on a density o1 4.23 g/cc for 110, and a density
o1 2.70 g/cc for pure aluminum. Various methods may be used
to produce the pre-combustion feedstock mixture of alumi-
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6

num and titania, including infiltrating a porous titania pre-
form with molten aluminum, mixing titania and aluminum
powders and either compacting or extruding the mixture mnto
feedstock having a desired shape, or by introducing titania
particles directly mnto molten aluminum and continuously
casting feedstock material in the form of a continuous shape,
such as a cylinder, rod, or wire.

In accordance with Equation (1) alumina 1s also a product
of the combustion synthesis reaction. It 1s desirable for the
combustion synthesis reaction of Equation (1) to produce
alumina in particulate form of uniform size that 1s uniformly
distributed within the combustion synthesized TiAl matenal.
Alumina particles smaller than 10 microns (um) in diameter
are advantageous with regards to the mechanical properties of
the T1Al intermetallic composite, with particle diameters less
than 1 um preferred, and less than 50 nanometers (nm) most
preferred. It has been discovered 1n the present invention that
titania particle size and the manner of mixing titania particles
with aluminum 1n preparing the feedstock material influences
the particle size and size distribution of 1n situ formed alu-
mina particles within the combustion synthesized TA-IMC
matrix.

In the preferred embodiment of the present invention, 1t 1s
desirable to minimize the amount of oxidized aluminum sur-
face mtroduced 1nto the feedstock mixture because such oxi-
dation results 1n particles of alumina in the final TA-IMC of
undesirable size (1.e., greater than 10 um). Therefore, the
preferred method of producing the pre-combustion feedstock
material 1s to mix titania particles of a preferred size directly
into molten aluminum. Titania particles smaller than 30
microns (um) in diameter are advantageous, with particle
diameters less than 3 um preferred, and less than 0.3 pm most
preferred. The melting temperature of pure aluminum 1s 660°
C., therefore the molten aluminum should be at a temperature
in the range of 660° C. to 850° C., with the preferred range
being 680° C. to 780° C., and the most preferred range being
700° C. to 720° C. Within this temperature range, 1t 1s possible
to mix the titania particles of preferred size into the molten
aluminum without initiating the TA-IMC combustion reac-
tion. Further, maintaining a temperature above the melting
point of aluminum but below the 1nitiation temperature of the
TA-IMC combustion synthesis reaction enables a homoge-
neous and uniform dispersion of titania particles in molten
aluminum, which, when continuously cast into the preferred
form of a feedstock wire, results in a pre-combustion feed-
stock wire in which titania particles are uniformly distributed.
Homogeneity and uniformity of titania particle distribution in
the feedstock material results 1n solid phase Al, O, particles of
the desired size to be formed in situ during the combustion
synthesis reaction.

FIG. 4 shows the preferred method of preparing feedstock
material of the present invention, comprising the steps of
heating aluminum above 1ts melting point to a preferred tem-
perature of 700° C. to 720° C. [44], introducing titania par-
ticles of the preterred size [45], mixing to ensure homoge-
neous distribution of titania particles [46] and continuous
casting [47] to produce a feedstock material 1n the shape of a
continuous cylinder or wire [48].

FIG. 5 shows a cross-section of feedstock material [49]
showing a uniform distribution of titania particles therein
[50].

In the preferred embodiment of the present invention,
alloying elements are added to the aluminum during or prior
to preparing the pre-combustion feedstock, as 1t has been
discovered that the hot-workability of the post-combustion
synthesized TA-IMC at a temperature above 900 degrees C. 1s
improved by the addition of certain alloying elements speci-
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fied herein. Improvement of hot-workability 1s a result of a
solid state phase transformation from gamma (y) phase TiAl
to alpha (c.) and beta (p) phases. At the preferred temperature
tor thermo-mechanical processing of 1150° C., the gamma (y)
phase titanium aluminide transforms into the alpha (c.) phase
titanium aluminide, and some metastable beta () phase tita-
nium aluminide, both of which o and p phases increase the
hot-workability of the material. Further, the relative amounts
of o, and {3 phases present at the preferred thermo-mechanical
processing temperature are increased by adding one or more
alloying elements from the group vanadium (V), niobium
(Nb), molybdenum (Mo), and boron (B) to the aluminum
used 1n feedstock material such these elements are less than
5% by weight 1n the feedstock material.

In the preferred embodiment of the present invention
shown 1n FIG. 1, the solid phase pre-combustion feedstock
material containing titania, aluminum and any desired alloy-
ing elements 12 in the form of a continuous wire 1s introduced
by means of amechanical transport means 10 into an enclosed
chamber or reactor, where the combustion synthesis reaction
occurs according to Equation (1). In the preferred embodi-
ment, the pre-combustion feedstock material 12 1s fed verti-
cally downward through an aperture in to the top of the reactor
14.

The reactor comprises an enclosed vessel having a central
chamber 16 with upper 14 and lower 18 apertures located
according to its central axis for introducing feedstock mate-
r1al 12 and withdrawing combustion synthesized TA-IMC 26.
Contained within the reactor chamber 16 are a heating means
24 and an 1nsulating means 1n the form of a centrally located
hollow containment cylinder 20 for retaining heat generated
by the exothermic combustion synthesis reaction. The heat-
ing means 24 serves to initiate and continuously maintain the
combustion synthesis reaction as new feedstock matenal 1s
ted into the reactor. The heat source may be of any conven-
tional type, and 1n the preferred embodiment the heat source
1s capable of narrowly focusing thermal energy at a point on
or within the feedstock material, such as electrical resistance
heating elements, microwave transmitter, electron arc or
plasma arc, or inductive means. The containment cylinder 20
comprises a non-reactive, high-temperature ceramic reirac-
tory material, such as alumina or zirconia, which 1s designed
such that the internal diameter of the containment cylinder 1s
similar 1n diameter to the external diameter of the feedstock
material, thereby allowing the feedstock maternial to pass
through the containment cylinder with minimum friction. The
reactor includes an additional means for controlling the atmo-
sphere within the reactor and 1s constructed such that the
atmosphere within the reactor chamber can be atmospheric
air or inert gas, or such that the reactor chamber can be
evacuated 22. In the preferred embodiment, the chamber
atmosphere 1s that of an 1nert gas, and most preferred gas 1s
argon. The purpose of the mert gas atmosphere within the
reactor chamber 1s to minimize the potential for contaminants
from the ambient atmosphere being itroduced 1nto the TA-
IMC material during the combustion synthesis reaction and,
in particular, to prevent atmospheric oxygen from influencing
particle size of alumina. While vertical orientation of the
reactor 1s shown 1n the preferred embodiment of FIG. 1, the
reactor orientation 1s not limited to any particular orientation.

With the feedstock material introduced into the reactor as
shown 1n FIG. 1, a heat source 24 1s applied to heat a discrete
section of the stationary feedstock to a temperature above
850° C., thereby 1mitiating the combustion synthesis reaction
in accordance with Equation 1 to yield TA-IMC reaction
product 1n the form of a continuous wire. As the combustion
synthesis reaction front moves upward along the length of the
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vertically oriented feedstock material, a first transport means
10 1s engaged such that new feedstock material 1s continu-
ously introduced into the reactor at a rate equal to the com-
bustion reaction front traveling through the feedstock such
that the combustion reaction front maintains a stationary
position within the reactor.

In the preferred embodiment shown 1n FIG. 1, thermo-
mechanical processing 1s applied to the combustion synthe-
s1ized TA-IMC after 1t exits the reactor in order to reduce 1ts
volume by 11% or more, eliminate porosity, and elongate the
titanium alumimde ntermetallic matrix grains, thereby
resulting 1 a fully dense TA-IMC wire of high tensile
strength. After the combustion synthesized TA-IMC material
exits the reactor, 1t 1s heated to at least 1130 degrees C. by a
second heating means, not shown, and while at this tempera-
ture 1s pulled by a second mechanical transport means 34
through either a single wire drawing die, or a series of wire

drawing dies 30. Each wire drawing die 30 includes a conical
shaped aperture 32 through which the TA-IMC materials are
drawn. The mmimum diameter of the aperture 32 must be
smaller than the diameter of the TA-IMC wire being drawn
through 1t, 1n order to constrain and reduce the cross-sectional
area of the wire. In the preferred embodiment, a series of dies
30 are used with each consecutive die having incrementally
smaller diameter aperture 32 so that the desired diameter of
the TA-IMC wire can be achieved without exceeding the
ultimate strength of the TA-IMC wire at the point of greatest
material strain in the die. The diameter of the feedstock mate-
rial 1s selected according to the desired final diameter of the
wire, the removal of all void content, and the desired grain
clongation. The mimmimum aperture diameter for each die and
the number of dies in the series are determined as to cause
plastic deformation of the TA-IMC matenal at its optimal hot
working temperature, such that the amount of mechanical
stress applied to the wire by each die 1s between the yield
strength and the ultimate strength of the TA-IMC matenial.
As described above, the TA-IMC wires of the present
invention provide significant advantages when used in elec-
tric power transmission cables. In one embodiment, an elec-
tric power transmission cable includes an electrically conduc-
tive core formed by one or more TA-IMC wires of the present
invention. The core 1s encased by a plurality of aluminum or
aluminum alloy wires. Numerous cable core and encasement
configurations are known 1n the cable art. For example, one
embodiment of an electric power transmission cable, as 1llus-
trated by the cable cross-section shown 1n FIG. 2a, may be a
core 36“ of one TA-IMC wire 38“, encased 40° by eighteen
aluminum or aluminum alloy wires 42“. An alternative
embodiment of the present mvention 1s illustrated by the
clectric power transmission cable cross-section shown in
FIG. 2b, where the electric power transmission cable com-
prises a core 36” seven TA-IMC wires 38”, encased by twelve
aluminum or aluminum alloy wires 40°. FIG. 2¢ shows a third
embodiment of the present invention, 1illustrating one of a
multitude of cable construction variations, comprising a core
36° of seven TA-IMC wires 387, encased 40° by thirty alumi-
num or aluminum alloy wires 42°. Finally, FIG. 24 illustrates
an electric power transmission cable comprising a core 36 of
nineteen TA-IMC wires 387 encased 40“ by eighteen alumi-
num or aluminum alloy wires 42¢. The weight percentage of
TA-IMC wires relative to the entire cable will depend upon
the overall electrical characteristics required by the design of
the cable. The encasement wires of the cable may be any of
the various materials known in the art of electric power trans-
mission cables, including, but not limited to, 1350 Al alloy or
6201 Al alloy. In yet another embodiment of the present
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invention, as shown in FIG. 3, an electric power transmission
cable comprising a plurality of TA-IMC wires 44 may be
constructed.

I claim:

1. A method of manufacturing wire comprising in situ
formed alumina particles 1n a fully dense combustion synthe-
s1zed titanium aluminide matrix, the method comprising the
steps of:

a. mixing titania particles with molten aluminum to form a
feedstock material;

b. forming the feedstock material 1nto a solid shape in the
form of a continuous wire;

c. introducing the feedstock material through a first open-
ing 1nto an atmospherically controlled, thermally 1nsu-
lated enclosed chamber:;

d. applying heat to the feedstock material 1n the chamber in
an amount suificient to initiate and maintain a titanium
aluminide combustion synthesis reaction thereby pro-
ducing a combustion synthesized titanium aluminide
reaction product in the form of a continuous wire;

¢. applying heat externally to the chamber such that the
combustion synthesized titanium aluminide wire 1is
heated to at least 1130 degrees C. after 1t exits the cham-
ber through a second opening;

f. passing the heated combustion synthesized titanium alu-
minide wire through one or more wire drawing dies; and

g. controlling a relationship between speeds of the feed-
stock material being introduced and the combustion syn-
thesized titanium aluminide wire being passed through
the dies such that a reaction front of the combustion
synthesis reaction 1s maintained within the chamber and
suilicient force 1s applied to the combustion synthesized
titanium aluminide wire to reduce 1ts cross section to a
desired diameter by passage through the dies.

2. The method of claim 1 wherein titania particles 1n the
form T10, having a diameter of less than 30 microns are
mixed with molten aluminum at a temperature of 700 to 720
degrees C. to create the feedstock material of step (a).

3. The method of claim 1 wherein the feedstock matenal of
step (a) comprises 44.1 to 44.6 percent by weight aluminum
and 55.4 to 55.9 percent by weight T10,,.

4. The method of claim 1 wherein the feedstock material of
step (a) comprises 41.1 to 41.6 percent by weight aluminum,

10

53.4t0 53.9 percent by weight 110, and one or more elements
from the group vanadium, niobium, molybdenum and boron
at a concentration of 4.5 to 3.0 percent by weight.

5. The method of claim 1 wherein the atmosphere within

5 the chamber of step (c) 1s argon.
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6. A method of manufacturing wire comprising in situ
formed alumina particles 1n a fully dense combustion synthe-
s1zed titanium aluminide matrix, the method comprising the
steps of:

a. mixing 53.4 to 53.9 percent by weight T10, particles
having a diameter less than 30 microns, 41.1 to 41.6
percent by weight aluminum at a temperature of 700 to
720 degrees C. and one or more elements from the group
vanadium, niobium, molybdenum and boron at a con-
centration of 4.5 to 3.0 percent by weight to form a

feedstock material;

b. forming the feedstock material into a solid shape 1n the

form of a continuous wire:

c¢. introducing the feedstock material through a first open-
ing 1nto a thermally insulated enclosed chamber contain-
ing an atmosphere of argon;

d. applying heat to the feedstock material 1in the chamber to
achieve and maintain a temperature of at least 850
degrees C. to 1nitiate and maintain a titanium aluminide
combustion synthesis reaction whereby a combustion
synthesized titanium alumimde reaction product 1s pro-
duced 1n the form of a continuous wire;

¢. applying heat externally to the chamber such that said
combustion synthesized titamum aluminide wire 1s
maintained at a temperature of at least 11350 degrees C.
after 1t exits the chamber through a second opening;

f. passing the heated combustion synthesized titanium alu-
minide wire through one or more wire drawing dies; and

g. controlling a relationship between speeds of the feed-
stock material being mtroduced and the combustion syn-
thesized titanium alumimide wire being passed through
the dies such that a reaction front of the combustion
synthesis reaction 1s maintained within the chamber and
suificient force 1s applied to the combustion synthesized
titanium aluminide wire to reduce its cross section by at
least 11 percentto a desired diameter by passage through
the dies.
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